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S DIAGNOS15 OF i“CUSE POX (ZCTROMELIA)

-
fg:

BY MEANS QOF AGAR-GEL SOLUTION

arch, ¢~s5. Virusforsch. Marian Hozinek®*
(Virus ..¢scarch Journal)

Vol. 17, 1965

Pages 264-272

Mouse pox virus infection is cus.iy recognizeabie when the
classica! syndrome which leads to the characteristic form of cctro-
melia is present (1). However, this pathognostic picture of the
cutaneous iesion and spontaneous amputation is not always indicative.
Laboraitory methods, which eiTher show the virus or its antibody,
must be used far the diagnosis of the acutely lethal as weil as the
inapparent infeztion.

isoiation of the virus in the mgouse, in embryon.,. chicken eggs
or in tissue culture requires 2 70 4 ccys and can only be demonstrated
in combination with a neutfralization vust. Briiody (2) introduced the
rapid diagnostic method of demonstrating the antibody in serum of in-
fected mice which inhibits hemagztination. This is, however, also
usable after standardization for & microtitration system (3).

Tne agar-gei precipitation method of Quchterlony (4) is gener-
olly +the simplest serologic technique for the diagnosis of severai
‘animal viral infections (5, 6, reviewed in 7); studies on viruses of
the pox group have also been reported (8,9).

in these experiments we demonsirate the antibody as well as the
antigen in mice experimentally infectec with ectromelia using the
precipitation reaction.

.

*Yith the aid ot the German Society of Research, Bad Godesberg,
and in collaboration with the Central institute for Experimental
Animal Breeding, Hanover (Dr. A. Spiegel, Director).
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Materia. and Mo2vheds

Virus: The neurovaccine sirawn Loeveciti ond The ectromelia
strain Eiberfeld were used as cnvigens as well as the Mannheim,
Freiburg and Munich strains isolaiec from embedded materiais. Accord-
ing to the fechnique of “Wesiwooad ct @i., inocuiated chicken eggs,
preincubated for 10 days, were opencc after, 72 hours, the generalized
choriocaliantois membranes (CAM) wore horvestod ond washed in isotonic
sodium chloride solution (iC). They were diluted 1:2 (wet weight:
volume) with this solution and hocmogenized (Ultra-Turrax, Jahnke and
Kunke! Company). After centrifugation (iCCOg, |5 min) the super-
natent was taken as antigen,

Antiserum: We used vhe scme wouse ectromelia hyperimmune serum
as for innibiting the hemaggiutrnation reaction (3).

Agar-cel! precipitation: According to Crowle's procedure (11)
purified agar (Difco Special Agar Nob:e) was placed in desalinated
water in a 29 suspension and dissolved by heating in a water bath,
For better adhesion of the agar-gel 1o The slides, the latter were
preparec by taking each through a 0.5 agar solution in desalinated
water and drying in a warming cabinet,

Sodium chloride was dissoived in phosphate buffer (ionic
strength 0,15, pH 7.4) in an amount which corresponded to twice that
required for isotonisity (1.6g/1000 ml). The solution was heated %Yo
37° ¢, mixed in equal portions with The cgar solution and poured
immediately. Agents which inhibit germination were not added.

3.0 ml of the agar medium was pipetted onto the prcpared slides.

In previous experiments we hac do.ermined the most favorable
bore dicmeter and preparation, reaction temperature and time per
optimal read-out.

Hoies of 3 mm. diamcter, 5 mm. apart, were punched out in the

- pattern of an equilateral +triangle. ‘e transferred the liquid re-
agents with a glass capillary, organ pieces being packed in as densely
as possible,

The reactions were recorded photographically. The gol was re-
moved from the slide with a 1% glycerine solution, transferred with
a buffered sodium chioride solution to a flat petri dish and used as
the negative in an enlarger.



}. Demonstration ci proc.pitsting antibodies

S.spen's (9) studies saowed Thuv eciromelia antigen couid be
precipivated by veccine antiserum using Judin's agar-gel technique (12).
According 7o these results we couid cwincet vhat sera of pox-sick mice
would also precipitete ectronclia- or vuccine-antigen, For the pur-
pose of findingc a simple diagnosTic movice we studied various antigens
using Ouchteriony's Technigue (4).

a) Test antigens from infccted fetal membranes:

Bovh The vaccine and the ectrorciic-antigen gave a precipitation
against eciromeilia antiserum from micc. A band formed after 24 hours
which was followed by another in the veccinc-antigen after 48 hours

near the gerum spot.

CAM-antigens are also cuivable for cemonsiration of the anti-
bodies in infected mice. In orcer to confirm The specificity of the

reaction an cmpty serum was puv on onc side of the 'patients'" serum

and an antiserum on the other sige. Sma:: emounts of antibody, not

demonsirable alone, arose as & continuation of the bands towards the
antiserum, a phenomenon which has been described as a strengvhening

or "recruiting" effect (5,20).
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Figure 1. Demonstration of precipitating ectromelia antigens in organ
material, liver (abovo), spleen (below). BRlack circles:
mouse ectromelia ar.tiscrum.
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antibodies in the sera of

Table 1. Lemonstration of precipiteal
h :.'.glia

mice orally infected wit

v e lon
vl
cctr

! @ Virusdosis

@ Tage post infectionem

T 100t jor 10* LD,." Einhelten
5 L £ (0
7 = (0)
9 =
10 = (160)*e
D ¥ | +(320)
.12 +(320)
20 + (320)
25 + (160)
30 + 1160)
32 + (160)
55 | + (40)
90 . 4+ (80)
95 l + (320) .
* + gol turbidity *¥ + precipitation baunds

( 7): ‘reciprocal liter of homagglutination inhibition

[Legond]: a) Days after infection; b) virus dose;
c) LDsp-units.

Table 2. Demonstration of precipitating antibodjes, after intra-
peritoneal challenge-infection with 10° LDgg-units of
octromelia virus

@Onl Eklnﬂiﬁ-mﬂzicru © ' @ Mit Vakzinerirus geimpfto Miuse
Tage nach
@ Ausgangswerle Helustung @ Auscnnm\\'a-rto
R 20 -0 =
+ (160)t 4 I
5 +(80) | |
|+ (320 6 = +-(A60)
9 i l + (320)

* - no preaipitation ** + rol turbidity
+ + precipitation bands
): reciprocal liter of hemagglutination-inhibition

[Legend]: a) mice orally infecicd with ectromelia;
b) initial values; c¢) days after loading; d) mice
inoculated with vaccine virus; o, initial values,
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Tost envigens from invecti & mice: Tne livers and spleens from
mice whicn had died from an ccircuciia invection were tested agoainst
ectrormciia antiserum., The majorivy ov orgens showed precipitation
which occurred in several (mex.na! six) discernible bands (Figure i3.
in the foilowing we focused ctienvion on the organ-antigens, running
blonks cnd untiscrum in all Tecsvs as conirols.

b) Demonstration in serum:

for clarification of the cquesiion whether precipiteting anti-
bodies ure cdemonstrable, mice (N.l-femaie, 18 to 22 g) were infected
with eciromelia virus in doses beiween 10V wnd 108 LD50-units via the
intraperitoncal (i.p.), infreplantar (i.pl.) and oral route. In no
case could antibodies be demonstrated with certainty before the {0th

post-infection day (d.p.i.).

Table | shows the resuiis of stucies on orally infected groups.
~n mice which were appurently not infected orally (13) are
loaded with 100 LDsg-units of cciromelic virus infraperitoneally,
precipitating antibodies become apparent on 4 d.p.i. The same re-
duction in the interval wus observed when animals which had not been
protectiveiy inoculated were infected with vaccine virus (i4)

(Table 2).

il. Evidence of Precinitating Antigens

The regularity with which precipitating antigens were demonstr-
able in the livers and spleens of mice which had succumbed to ectro-
melia ted us to assume that this should also hold true for other
organs. Therefore, we systemaeticully studiecd parts of the digestive
and urogenital tracts, the endocrine and reticulo-endothelial system
as well as heart, lungs, brain, serum and when indicated the cutaneous
lesion in agar-gel precipitation. The mode of infection and doses were
chosen so thot the diseuse occurred in the three main forms: +the
acute - after i.p. infection-, the classic, chronic - after i.pi.
infection - and the inapparent - after oral infection.

a) Demonstration in organs of dead animals:

As is apparent from Table 3, precipitating antigen was demon-
strable in the majority of organs studied. We routinely found
soluble antigen in organs of the reticulo-endothelial system, after
‘i.p. as well as after oral infection of mice. Precipitating antigens
were demonstrable aimost as frequently in the small and large infestine
and in the kidney and bladder. Skin tests in the region of the

29



Table 3. Dc-onstration o ~riclpic.olce antigens in er-ans of mice
infected cath ot .olia ad videh subsegueieir ¢ 7

S
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a) intraperitoneale Infehtion
+- + =% 4 4 ;L_oo_'_ooo_ K
+ * =+ o o+t x T - o - -+ + o+ T
+ -+ - 6 + 4+ + 4+ + 4+ + + 2+
+ +++ +++ + - g — T+ T+t - -+ !
B e - S S S a - 5 :
+ +txx+ + - - - v }
++ -+ + == - - 10 —+ At m-—-—-- !
b) intraplantare Infehuion !
+ + F - o+ - 5
JEIITIICOT ) !
 -—_— -t - - = = A !
B g
- —_ et = - - - -1 10 ;
i i
¢) orale [nfektion
+ -+ + ++ T+ - st
+ + - T + T - = - 1s ~xz+++ T+ + -
- - = = T = - - 22 —_ - = = = = 1
+ - -+ + + - - - 25 -+ r+F++
+ - + v - - - 32 -+ TT+ =+ F =+
A A B T I e
Lymph Axillary and peplitcal space lymph nodes

Zsophazcal, cranial, caudal, superficial neck
lymph rcces
Lymph IIT: Inguinai, iliac and ncsonteric lymph nodes

I
Zymph II

= -~ no precipitation ** + ol turbidity
s*» + precipitation tands
t The times ;ivon rofer to the deaths collectively

after oral irfectioen of irdividual animals with
small doses of virus,

[Logernd]: a) intraperitoncal infection; b) intra- ;
rlantar infection; c¢) oral infection; 1) small 1
intestine; 2) kidneys; 3) skin (plantar); &) liver:;
5) spleon; 6) lunzs; 7) pancreas; 8) brain;

9) heart; 10) stomach; 11) colen; 12) bladder;

13) ovary; 14) adreri.ls; 15) bone marrow.
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Table 4. Decmonstration of preecinitable rntizens in mice infected
with ectromelia ard then gaerificed

y
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[For Legend see table 3.]




primary effect reguiarly gave & positive read¢tion only after i.pi.
infection. Brein tissue always gave u negative finding as did lung,
heart and stomach.

b)  Demonssration in organs of sacrificed animals:

The precipitation results are comparable with those obtained in
organs of succumbed animals. The results obtained in orally infected
animals are an exception (Table 4).

c) Demonsicztion in scrum:

‘Serum drawn between 4 and 2 d.p., after i.p. infection routinely
precipitates antigens with a simuitanecous negative hemagglutination
inhibiting reaction. (Table 4)

Discussion

we have been able to routinely demonstrate precipitable proteins
vwhich occur during ectromelia iniection in the mouse, using the agar-
gel technique. Nicoli and Jolibois recentiy defined the solubie
antigens of the pox virus as protcins which could not be sedimented by
ultracentrifugation but could be diffused through agar-gel (15). Mayr
listed several characteristics which are common to al! the pox-S-
antigens which he studied; they are not infections, not immunogen, but
effective antigens, relatively stable against environmental influences
and give @ virus specific comp.cment finding and precipitation recac-
tion (16). S-antigen is aiweys found at the site of virus prolifera-
tion; it increases there together with the hemagglutinin and the
infectiousness, Metcalf and Maitviand ond Tobin were able to show with
the vaccine virus that S-antigens are demonstratlie before the mature
.virus particles and that they are incorporated into the latter (17,18).
According to the observations of Downie et al. they only occur in

blood in variola infection when the virus proliferation during incuba- -

tion has been especially intensive (19).

S-antigen was studied in ectromelia virus using the complement
binding reaction, and also with agar-gel dnffusnon according to Oudin's

technique (16,9).

Ve attempted to apply v.e simpic gel precipitation method of
Quchterlony to the diagnosis of ectromelia. At first we used the
CAM-antigen, subscauently using organs infected with ectromelia and
later turning o succumbad mice.

Precipitating antibodies could routinely be demonstrated in the
serum of infectcd animals from 10 d.p.i., but atter oral infection

-8 -




Ooniy whoin VRO CPppiicC WO oF virus it ndy so srmall! that the [afec-
Tion woiI nov gppereat. Tals Tirs is in gdcu acreement with duve for
chicken zox (v}, o7vher vire. <:2ases o7 Towi {5), the Blue-Tongue
virus (2. evec. Antivocics inbisiting noreggiatination were circady
formeg ¢ c.p.i. aftter iavrenientys inTocTion wWiTh ocTromeiia

virus {.«}.

Tne chief area of applicution of The procedurc for diagnrosis,
however, must be +he antisen corinstrivion. As wd wore able To
show, iiver and splieen, intestic:, kicney ond, under certain condi-
tioas, “ie cutaneocus lesion coavuin 1ne srocipitating antigen for a
iong .:.«—r;aw in addition, 7 can oc fcund in the serum of infected
mice betwoen 4 anc 9 d.p.i. (Vabie 4). Advter intraperitoneai infection
the plonter skin end the tungs ceonte.n S-aatigen only when The animals
succurd & to 7 d.p.i. (or 8, afver oru. infection). S-antigen is not
found in brain.

¢ form of the natural dizease is
fection (21). Between 3 and 4
n occurs in liver and s;ican,

Accorcing To Fenner, Tho chron
imitated socnest by an intrapicntor in
d.p.i. an intensive viral prolifcratio
vie aiso find precipi?a?ing entigens in those organs at this stuge. It
is interesting that this wos demeastrebie in the intvestine between the
7 and 9 d.p.i., wﬁ.ch is The interval in which the infection is
normally visible clinicaily. The intestines of stccumbed mice almost

always contain S-antigen.

Along with The resul's of our studics on the orel inapparent
infection and +nc isoiaf.on and coatent of virus in intestine (13),
we should like vo point out with cur grecipitation findings the signi-
ficance of “he gastro-intestine! irecv for The pathogenesis of mouse
pox which n.s long been underestimated (2,22). The schema presented
by Fenner sncuid be extended to include the fact that the virus, after
+he secondary viremia (6 d.p.i.), is extracted, proliferates and vorms
a focal iesion not only in the skin but also in the intestine. This
would be iturther explanation for vhe finding that after i.p. ond i.pl.
infection of mice with small coses of virus an inapparent "intestinal-
carrier™ condition can resuly which possibiy stimulates excretion via
the gastro-intestinal tract (23).

)’.

l
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Summar

.he agar diffusion wocanique of Cuchverlony allows the cemon=-
stration of precipitating antidodies in micce from the tenth day onward
aiter infection with ectromeiia virus. C- the other hand precipitat-
ing antigen could regularly bc deronstratic in organs of succumbed
animals. The Quchterlony technaique is vhercfore suitable tor routine
diagnos.s of mouse-pox.
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